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Summa r v 
The  ‘ d i s p l a y  processor fo r  t h e  improved APOLLO TV 
camera was s h i p p e d  f rom t h e  West inghouse R e s e a r c h  Labs on 
September 24,  1969. The d e l a y  i n  s h i p p i n g  w a s  c a u s e d  p r i -  
m a r i l y  b y  a mishap  which  r e s u l t e d  i n  c o n s i d e r a b l e  damage 
t o  the machine  and  s e c o n d a r i l y  by  the c o r r e c t i o n  of f l a w s  
i n  p e r f o r m a n c e  d i s c o v e r e d  d u r i n g  t e s t i n g  and c a l i h r a  t i o n .  
F u r t h e r ,  i t :  was c o n s i d e r e d  necessary t o  r e p e a t  all of t h e  
t.est a n d  c a l i b r a t i o n  t h a t  had b e e n  c a r r i e d  o u t  before t h e  
m i s h a p  so k h a t  any  damage c a u s e d  by t h e  a c c i d e n t  would be 
c e r t a i n  to be d e t e c t e d .  Af.1. of the defects a n d  d e f i c i e n c i e s  
t h a t  w e r e  di-scovered i n  t h i s  comprehens ive  t e s t i n g  program 
w e r e  compI.ete1.y cured a n d  some additional test. e q u i p m e n t  
used i n  the program,was  mounted p e r m a n e n t l y  i n  the r e c o r d e r  
t o  s i m p l i f y  f u t u r e  tes t  o p e r a t i o n s .  
D e s c r i p t i o n  of the T e s t  R e s u l t s  
P r imary  tes t  r e s u l t s  i n d i c a t e d  t h a t  u s e  of a 
d i s c  w i t h  s u r f a c e  n o n - u n i f o r m i t i e s  less t h a n  t h a t  of the 
s p e c i a l l y  s e l e c t e d  d i s c  would p r o v i d e  s l i g h t l y  enhanced 
r e s u l t s .  A s  a consequence ,  s i n c e  the s u p p l i e r  from whom a 
more u n i f o r m  d i s c  had b e e n  ordered was u n a b l e  t o  m e e t  t h e  
required s p e c i f i c a t i o n ,  d i s c s  chosen  from among t h e  best 
measured w e r e  reformed i n  o r d e r  t o  r e d u c e  t h e  e f f e c t  of 
any  w a r p i n g .  T h i s  p r o c e d u r e  resulted i n  a d i s c  h a v i n g  a 
peak-to-peak r u n  out o n  b o t h  sides of less t h a n  0.5 m i l  - 
a n  improvement of 65%. 
Dur ing  t h e  t e s t i n g  parogram it was dekermined 
t h a t  when a complete f i e l d  w a s  w r i t t e n  on any  t r a c k  t h e  j o i n  i n  
t he  r e c o r d e d  FM waveform ( t h a t  is ,  t h e  p o i n t  i n  the p l a y -  
back  waveform w h e r e  the r e c o r d i n g  process was s t a r t e d  and 
s t o p p e d )  g a v e  r i se  t o  a v o l t a g e  spike i n  the demodula ted  
waveform. Al though  t h i s  s p i k e  d o e s  n o t  a f f e c t  o p e r a t i o n  i n  
normal  c i r c u m s t a n c e s  i t  i s  f e l t  t h a t ,  s i n c e  some forins of 
equ ipmen t  make u s e  of p u l s e  c o u n t i n g  t e c h n i q u e s  i n  p r o c e s s i n g  
v i d e o  waveforms,  the p r e s e n c e  of t h i s  spike might o c c a s i o n a l l y  
cause f a u l t y  o p e r a t i o n .  As a consequence ,  a s u p p r e s s i o n  
c i r c u i t  was added to the  r e c o r d e r  equipment  t o  e l i m i n a t e  
t h i s  spike i n  the r e c o r d e d  waveform. 
D u r i n g  t h e  t e s t i n g  p rogram i t  became e v i d e n t  t h a t  
t h e  o r i g i n a l  d e s i g n  of t h e  FM c h a n n e l  e q u a l i z e r  was some- 
w h a t  m a r g i n a l  i n  t h a t  t h e  h i g h  f r e q u e n c y  boost r e q u i r e d  
for  a m p l i t u d e  e q u a l i z a t i o n  c a u s e d  s e v e r e  h a r m o n i c  d i s t o r t i o n  
problems i n  t h e  l o w  f r e q u e n c y  s i g n a l s  wh ich  a r e  r i c h  i n  
h a r m o n i c s .  A s  a consequence ,  t h e  e q u a l i i e r  was r e d e s i g n e d  
t o  y i e l d  a bet ter  compromise b e t w e e n  a m p l i t u d e  e q u a l i z a t i o n  
a n d  ha rmon ic  d i s t o r t i o n .  
D u r i n g  t e s t  of t h e  t i m i n g  s t a b i l i t y  of t h e  
s y s t e m ,  it was d e t e r m i n e d  t h a t  d r i f t  i n  t h e  commerc ia l  power 
s u p p l y  used  for t h e  power a m p l i f i e r  and  motor d r i v e  c o u l d  
c o n t r i b u t e  s i g n i f i c a n t l y  t o  long t e r m  d r i f t  problems and  
worsen  t h e  t i m i n g  a c c u r a c y .  A s  a consequence ,  m o d i f i c a t i o n s  
w e r e  made i n  t h e  s e r v o  c i r c u i t r y  wh ich  r e d u c e s  t h e  effect  of 
a change  i n  s u p p l y  v o l t a g e  by  o n e  o r d e r  of magn i tude ,  t h a t  
is, a power s u p p l y  v a r i a t i o n  of 2 1 mV is r e d u c e d  to - 3- 100 @V 
a t  t h e  motor t e r m i n a l s .  
F i n a l l y  i t  was d e t e r m i n e d  d u r i n g  w o r s t  c a s e  
a n a l y s i s  and test t h a t  c e r t a i n  c o m b i n a t i o n s  of t r a n s i s t o r s  
c o u l d  g i v e  r ise t o  p a r a s i t i c  o s c i l l a t i o n s  a t  a b o u t  200 m c / s  
i n  t h e  v i d e o  o u t p u t  b u f f e r  a m p l i f i e r s .  A l t h o u g h  t h e  p a r t i c -  
u l a r  c o m b i n a t i o n  of t r a n s i s t o r s  p a r a m e t e r s  r e q u i r e d  t o  c a u s e  
t h i s  o s c i l l a t i o n  may n e v e r  be p r e s e n t  i n  a n y  of these 
c i r c u i t s ,  i t  was f e l t  t h a t  t h e  d e s i g n  s h o u l d  he replacgd 
i n  o r d e r  to p r e v e n t  oscillation, The  new c i r c u i t s  wh ich  
were used a s  r e p l a c e m e n t s  h v e  a d e q u a t e  p r o t e c t i o n  a g a i n s t  
these p a r a s i t i c  oscil.5.a tion ‘srobS.cms 
F o l l o w i n g  t h e s e  m o d i f i c a t i o n s  t h e  machine  pcrforrned 
up t o  s p e c i f i c a t i o n  i n  a l l  respects. However, d u r i n g  t h e  
s t a b i l i t y  measu remen t s  t h e  t i m i n g  j i t t e r  was o b s e r v e d  t o  
f a l l  ou t s r ide  t h e  r e q u i r e d  p e r f o r m a n c e  r a n g e  by  a b o u t  20% 
for  a s h o r t  p e r i o d .  T h i s  e f f e c t  d i d  not recur d u r i n g  
l o n g  o! - , se rva t ions  and  t h e  c a u s e  is t h e r e f o r e  u n c e r t a i n .  The 
s t a b i l i t y  was measured  however ,  u s i n g  a s  a n  a b s o l u t e  t i m i n g  
r e f e r e n c e  a r e l a t i v e l y  i n e x p e n s i v e ,  c o m m e r c i a l l y  a v a i l a b l e  
o s c i l l a t o r  w h i c h  i t  is  f e l t  may have  b e e n  the c a u s e  of a 
l a r g e  p r o p o r t i o n  of t h e  t i m i n g  j i t t e r .  
A f e w  d a y s  p r io r  t o  i n t e n d e d  s h i p m e n t  t h e  d i s c  
r e c o r d e r  became t o p  heavy a s  a r e s u l t  of a co rnh ina t ion  of 
c i r c t m i s t a n c e s  The power s u p p l y  c h a s s i s  w h i c h  n o r m a l l y  
provides a c o i i n t e r  b a l a n c i n g  force had been removed for 
f i n a l  t i g h t e n i n g  down of components  and  c l e a n i n g .  Wi th  t h e  
equipment drawers e x t e n d e d  t h e  machine  t o p p l e d  o v e r .  Some 
damage o c c u r r e d  i n  t h e  form of b r o k e n  c i r c u i t  b o a r d s  a n d  
c o n n e c t o r s .  Replacement  of t h e  damaged p a r t s  and  s u b s e q u e n t  
r e p e a t  of t h e  e n t i r e  test  program c a m e d  some d e l a y  i n  the 
d e l i v e r y .  
I n  view of t h e  s i g n a l - t o - n o i s e  r a t i o  test  re- 
q u i r e m e n t s  a v i d e o  l e v e l  genera tor wi thmanua l  a d  j u s t m c n t  
c a p a b i l i t y  w a s  i n c l u d e d  i n  t h e  v i d e o  d i s c  x e c o r d c r ,  F u r t h e r ,  
a n  odd f i e l d  s e l e c t i o n  c i r c u i t  was a d d e d  t o  t h e  o t h e r  tes t  
f a c i l i t i e s  t o  s i m p l i f y  chann81  r e s p o n s e  comparisons. 
F i n a l l y ,  a c i r c u i t  b o a r d  w a s  i n c l u d e d  i n  t h e  mach ine  wh ich  
p r o v i d e s  a r e p e t i t i v e  command t o  r e c o r d  p u l s e  w h i c h  c a n  be 
used  t o  tes t  t h e  cxoss t a l k  be tween  w r i t i n g  a n d  r e a d i n g  
c h a n n e l s .  A l l  of t h e s e  t es t  f e a t u r e s  have  b e e n  p e r m a n e n t l y  
w i r e d  i n t o  t h e  d i s p l a y  processor and  s h o u l d  s e r v e  t o  
s i m p l i f y  c o n s i d c r a h l y ,  tes t  a n d  c a l i b r a t i o n  of t h e  m a c h i n e ,  
A number of c i r c u i t  b o a r d  e x t e n d e r s  and  e x t r a c t o r s  a s  w e l l  
a s ,  s p e c i a l  e x t e n s i o n  cables  have  b e e n  p r o v i d e d  i n  t h e  machine  
t o  a i d  i n  f u t u r e  s e r v i c i n g .  
